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Study of serum C-reactive protein concentration

in cardiac failure

Maurice Pye, Alan P Rae, Stuart M Cobbe

Abstract
The serum concentration of C-reactive
protein was prospectively assessed in 37
patients with various degrees of heart
failure. The serum concentration of C-
reactive protein was higher than normal
in 26 (70%/0) patients. The concentration
was directly related to the severity of
heart failure and the stage of decompen-
sation. Hepatic cell damage is the most
likely stimulus to cytokine production
and hence release of C-reactive protein
in heart failure. Heart failure is an

additional cause of raised serum concen-

tration of C-reactive protein but the
pathological importance of this feature
is not yet known.
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C-reactive protein is synthesised in the liver
and is an acute phase reactive protein. Its
concentration in serum rises rapidly in
patients in response to tissue injury, infection,
or inflammation.' When the stimulus resolves,
for example, with effective antimicrobial
treatment, the concentration falls rapidly.2
Measurements of C-reactive protein were

useful in diagnosing and assessing the extent
of damage in myocardial infarction." More
recently it has been proposed as a marker of
successful thrombolysis and early reperfusion
in myocardial infarction.6 It has provided a

complementary diagnostic test in infective
endocarditis and has been used as an index of
response to treatment in this condition.7 We
noticed that patients who had evidence of
heart failure in the absence of acute myocar-

dial infarction, systemic infection, or inflam-
matory disease had raised serum concentra-

tions of C-reactive protein. The acute phase
protein response has not been studied in heart
failure. We prospectively studied serum con-

centrations of C-reactive protein in patients
with varying degrees of heart failure.

Patients and methods
PATIENTS
We studied 37 patients admitted to hospital
for investigation and treatment of cardiac
failure (table 1). Heart failure was caused by
ischaemic heart disease in 20, valve disease in
10, idiopathic dilated cardiomyopathy in six,
and systemic hypertension in one. We also
measured the serum concentrations of C-reac-
tive protein in 15 control patients admitted for
routine coronary arteriography with no clin-
ical evidence or history of heart failure and
normal left and right ventricular function.
Venous blood samples were obtained from
patients on admission and every 24-48 hours
during their hospital stay. The control group

were sampled before and 24 hours after coron-
ary arteriography.

DEFINITIONS
The diagnosis of cardiac failure was based on

the following:
(a) Left heart failure-sinus tachycardia

> 90/min with a third heart sound and clinical
or radiological evidence of a raised pulmonary
venous pressure.

(b) Right heart failure-raised jugular ven-

ous pressure with or without congestive
hepatomegaly and with or without peripheral
oedema.
This was supported by objective evidence

of left or right ventricular dysfunction with

Table 1 Clinical details and peak concentrations of serum C-reactive protein in 37patients in heartfailure

Peak Peak
Patient Age LVEF CRP Patient Age LVEF CRP
no (yr) Sex Diagnosis Cause Stage Severity (%) (mg/ml) no (yr) Sex Diagnosis Cause Stage Severity (%) (mg/ml)

1 56 M L+RHF IHD Acute Severe 15 51 20 63 M LHF Hypertension Chronic Severe 35 <10
2 57 F L+RHF IHD Acute Severe 17 72 21 58 F LHF Valve Chronic Moderate 30 16
3 63 M L+RHF IHD Acute Severe 12 90 22 62 M L+RHF IHD Acute Severe 20 51
4 69 F L+RHF DCM Acute Severe 20 16 23 60 M LHF IHD Chronic Moderate 24 <10
5 63 M LHF IHD Chronic Severe 15 21 24 62 M RHF Valve Chronic Moderate 35 36
6 68 M L+RHF Valve* Acute Severe 30 67 25 55 M L+RHF IHD Chronic Mild 16 29
7 61 M LHF IHD Acute Severe 15 71 26 49 M L+RHF IHD Acute Severe 24 38
8 63 M RHF Valve Chronic Severe 35 19 27 59 F L+RHF Valve Chronic Mild 28 <10
9 55 F L+RHF DCM Acute Severe 12 20 28 57 M RHF Valve Chronic Severe 23 <10
10 63 F RHF Valve Chronic Mild 40 <10 29 63 F L+RHF DCM Acute Severe 20 40
11 55 F RHF Valve Chronic Mild 35 <10 30 62 M L+RHF IHD Acute Severe 14 75
12 53 M LHF IHD Acute Severe 20 120 31 67 F L+RHF DCM Acute Severe 19 34
13 52 F L+RHF DCM Acute Severe 15 47 32 63 M L+RHF IHD Acute Severe 15 83
14 45 M L+RHF IHD Chronic Moderate 20 87 33 64 F LHF IHD Chronic Severe 29 15
15 52 F L+RHF IHD Acute Severe 20 135 34 57 M LHF IHD Chronic Mild 30 <10
16 50 F L+RHF Valve Acute Severe 30 22 35 65 F LHF DCM Acute Severe 20 <10
17 62 F RHF Valve Acute Moderate 33 27 36 63 M L+RHF IHD Chronic Mild 32 20
18 61 M L+RHF IHD Acute Severe 29 <10 37 68 F L+RHF IHD Chronic Mild 28 <10
19 60 M LHF IHD Chronic Severe 15 <10

*Aortic and/or mitral disease.
DCM, dilated cardiomyopathy; IHD, ischaemic heart disease; LHF, left heart failure; RHF, right heart failure; LVEF, left ventricular ejection fraction; CRP, C-
reactive protein.
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Table 2 Classification of degree of cardiacfailure

Mean PCWPPeripheral
Category CXR (mm Hg) perfusion

Mild Vascular redistribution 13-17 Normal
Moderate Interstitial oedema 18-23 Normal
Severe Alveolar oedema > 23 Reduced

CXR, appearance on chest x ray; PCWP, pulmonary capillary
wedge pressure.

either echocardiography, radionuclide scan-
ning, or invasive haemodynamic measurement
of pulmonary capillary wedge pressure.
Patients were classed as having mild,
moderate, or severe heart failure on the basis
of peripheral perfusion and radiologically
estimated or directly measured pulmonary
capillary wedge pressure (table 2). Poor peri-
pheral perfusion was based on finding two or
more of the following criteria: (a) skin
vasoconstriction, (b) hypotension (systolic
blood pressure < 90 mm Hg by cuff method),
and (c) raised blood urea in the absence of any
other identifiable cause. A few patients fitted
into more than one class of severity and were
placed in the highest category attained on the
basis of qny criterion. Heart failure was
defined as 'acute if the onset or decompensa-
tion has occurred within one month and as
chronic if it had occurred more than one
month before presentation. We did not distin-
guish between acute or acute on chronic heart
failure in our analysis.

EXCLUSION CRITERIA
We excluded patients with clinical or
laboratory evidence of systemic infection or
inflanunatory or neoplastic disease. We mon-
itored cardiac enzymes and electrocar-
diograms to exclude any patient who had had
a recent (< 7 days) myocardial infarction.

MEASUREMENT OF C-REACTIVE PROTEIN
We measured serum concentrations of C-reac-
tive protein by fluorescence polarimetry. The
intra-assay coefficient of variation was < 5%
and a concentration of < 10 ug/ml was re-
garded as normal.8

STATISTICAL ANALYSIS
Groups were compared by the unpaired t
test, and a p value <005 was regarded as
significant.
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Figure I Comparison between stage and degree of heart
failure and serum concentration of C-reactive protein.
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Figure 2 Serial concentrations ofserum C-reactive
proteinfrom two patients with left ventricularfailure who
responded differently to treatment.

Results
Twenty six (70%) of the 37 patients had a
raised serum concentration of C-reactive
protein (table 1). None of the 15 control
patients had a raised serum concentration. In
14 (38%) patients it was slightly raised (10-40
pg/ml) and in 12 patients (32%) it was con-
siderably raised (> 40 Mg/ml). Figure 1 shows
the relation between the degree of heart
failure and the serum concentration of C-reac-
tive protein. All but one of the 12 patients
with a C-reactive protein concentration >40
pg/ml had severe heart failure and acute
rather than chronic heart failure. Six patients
had isolated right ventricular failure caused by
valve disease or fixed pulmonary hypertension
and all had serum concentrations of C-reac-
tive protein <40 ,ug/ml. When acute cardiac
failure was stabilised or improved with treat-
ment the serum concentration of C-reactive
protein gradually returned to normal values.
Conversely in patients who deteriorated the
serum concentrations of C-reactive protein
tended to remain high (fig 2).
Serum concentrations of aspartate and alan-

ine transaminases were raised in 33% and
23% of the patients respectively. There was
no direct correlation between the serum con-
centration of C-reactive protein and tran-
saminase concentrations, which were more
commonly raised in acute severe cardiac
failure. The concentration of serum y-
glutamyl transpeptidase too was more often
(40%) raised in these patients but once again
there was no close correlation with the serum
concentration of C-reactive protein.

Discussion
We found that serum concentrations of C-
reactive protein were higher than normal in
70% of patients with cardiac failure although
in about half the increase was quite small
(< 40 ug/ml). There was a significant
difference between the serum concentrations
of C-reactive protein in those with acute and
chronic severe heart failure (fig 1). All but one
patient with a considerably increased serum
concentration of C-reactive protein (> 40 pg/
ml) had severe cardiac failure. The tendency
for concentrations of C-reactive protein to fall
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with successful treatment (fig 2) also suggests
that the severity of cardiac failure directly
influences serum concentrations of C-reactive
protein. In keeping with these findings de
Beer et al noted that in eight patients whose
recovery after a myocardial infarction was
complicated by cardiac insufficiency or low
output state, the serum concentration of C-
reactive protein did not return to normal as it
did in uncomplicated myocardial infarction.4
Subgroup analysis of patients with predomin-
antly forward or backward heart failure
showed no significant difference in the serum
concentrations of C-reactive protein.

C-reactive protein is synthesised by
hepatocytes and normally only a trace is
present in the plasma. It is part of the protein
response in the acute phase to tissue injury
along with other plasma proteins such as
antitrypsin, caeruloplasmin, and fibrinogen.
The rate of synthesis and secretion of C-reac-
tive protein increases within hours of acute
injury or the onset of inflammation.910 This is
probably under the influence df several hor-
monal mediators called cytokines-for exam-
ple IL6 or hepatocyte stimulating factor. We
think hepatic necrosis is the most likely site of
tissue damage that leads to macrophage
activation, cytokine production, and release of
C-reactive protein in patients with heart
failure. Hepatic centrilobular necrosis has
been described in isolated left and right heart
failure and congestive heart failure as a result
of reduced cardiac output, hypoperfusion,
hypoxia, and venous congestion.1-13 This
necrosis is often accompanied by alterations in
other indices of liver damage or function par-
ticularly hepatic release of transaminase." 1314
In this present study serum concentrations of
alanine and aspartate transaminase were raised
in about a third of patients and the concentra-
tion of y-glutamyl transpeptidase was more
often raised. The synthesis and release of C-
reactive protein is perhaps a more sensitive
indicator of hepatic damage in this situation
than either the concentrations of transaminase
or transpeptidase. Alternatively, there may be
additional sites of tissue damage in cardiac
failure, for example kidney, brain, or skeletal
muscle. Other possible causes of release of C-
reactive protein in this clinical setting include
occult infection or pulmonary thromboembol-
ism. There was no clinical evidence of these
complications and all patients with a sig-
nificant fever-that is > 37O0°C on two
occasions-or clinical evidence of any infec-

tion were excluded from the study even if
blood, secretion, or tissue cultures were
negative. Ventilation-perfusion lung scans
were performed in nine patients and all were
negative. In addition, 15 patients were well
controlled on long term treatment with
anticoagulants.
The serum concentration of C-reactive

protein provides a simple screening test for
the presence of organic disease and is widely
used. Because an increase in C-reactive
protein is a non-specific response to tissue
injury it must be interpreted in the light of
clinical information. This study shows a fur-
ther condition in which the serum concentra-
tion of C-reactive protein is raised. It is
important to be aware of this phenomenon
when measurements of C-reactive protein are
interpreted-for example in patients with
leaking prosthetic cardiac valves, heart failure,
and suspected infective endocarditis. It also
raises the question whether acute phase reac-
tive proteins or cytokines are involved in the
pathogenesis of cardiac failure or are simply
markers of tissue injury.
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